while accounting for the multiple measurements within each subject. Results: The prevalence of depression in 2,477 participants at approximately 4 months after stroke was 19%. Older age (OR 0.97; 95% CI 0.96-0.99), male gender (OR 0.62; 95% CI 0.48-0.80) and less cognitive impairment (OR 0.99; 95% CI 0.98-1.00) were independently associated with a lower risk of depression. Functional disability (OR 1.8; 95% CI 1.3-2.4), living with a spouse/family (OR 1.6; 95% CI 1.1-2.3) and risk factors for stroke (OR 1.2; 95% CI 1.0-1.3) were each independently associated with a higher risk of depression. Longitudinal modeling indicated that the likelihood of depression decreased by 1.12 times (95% CI 1.06-1.17) for each 1-year increase in time. Conclusions: One fifth of those in the SPS3 trial cohort reported depression that is sustained over time. Although this is lower than the prevalence reported for stroke in general, these results underscore the importance of early screening for post-stroke depression, treatment and follow-up to minimize the negative consequences associated with depression.
Introduction
Depression is a serious problem after stroke related both to its prevalence and to the adverse consequences associated with depression. A recent systematic review of observational studies reported a pooled estimate of prevalence of 33% post-stroke depression (PSD; 95% CI [29] [30] [31] [32] [33] [34] [35] [36] [1] . PSD is associated with fewer gains in rehabilitation and worse functional outcome [2, 3] , and even up to 4 years after stroke, depressed stroke survivors report restrictions in social roles and daily activities compared to non-depressed stroke survivors [4] . Depression after stroke is associated with a lower quality of life [5] [6] [7] [8] and also with a higher risk of dying [9, 10] . Information on the course of PSD is limited as many studies examining depression are cross-sectional with large variability across studies in the time interval between stroke and the assessment of depression [1, [11] [12] [13] [14] . Only a few studies have examined depression longitudinally [15] [16] [17] [18] and most are limited to 1 year after stroke [18] .
Lacunar stroke has been regarded as a relatively benign stroke subtype, in part related to the low prevalence of disability [19, 20] , and thus, there is limited information regarding outcomes such as depression in this stroke subgroup. A recent study examining PSD in 127 patients with small subcortical infarcts reported an overall prevalence of depression of 35%, similar to that reported for all stroke cases [21] . Stratifying patients by etiology of stroke (large artery disease or small vessel disease), the prevalence of depression in those with large artery disease was 52% and in those with small vessel disease 25%. Although functional disability at 3 months predicted depression in the univariate model, only etiological type (large artery disease vs. small vessel disease) was significant in the multivariable model, with those with large artery disease being 3.2 times more likely (95% CI 1.50-7.07) to be depressed compared to those with small vessel disease.
Investigating depression in those with lacunar stroke is important to better understand the consequences of stroke for this understudied group. It may also further our understanding of factors which are contributing to PSD, in addition to functional disability. Our objectives were to determine the prevalence of PSD in a cohort of lacunar stroke patients, to identify factors associated with PSD, and to describe the course of PSD in the 4 years after the acute event.
Methods

Study Participants
This study is utilizing data from the Secondary Prevention of Small Subcortical Strokes (SPS3) study which has been described elsewhere [22] . In brief, SPS3 is an ongoing international National Institutes of Health-funded trial with the objective of defining efficacious therapies for prevention of stroke recurrence and cognitive decline in patients with recent symptomatic small subcortical stroke. Participants with symptomatic, MRI-proven lacunar stroke within 6 months and no evidence of prior cortical stroke, significant ipsilateral carotid stenosis ( 6 50%), or of a major cardioembolic source (intended to focus on lacunar infarcts due to cerebral small vessel disease) are eligible to participate. In a 2 ! 2 factorial design, patients are randomly assigned to aspirin plus clopidogrel versus aspirin alone and to one of two targets of systolic blood pressure control ( ! 130 vs. 130-149 mm Hg). Patients will be followed, on average, 4 years to ascertain outcome events. The sample for these analyses is comprised of all participants recruited through June 2010 (n = 2,477), with a mean follow-up of 2.1 years. The SPS3 study has been approved by the institutional review boards at each participating institution and all participants have provided written consent for participation.
Measurement
Patients can be entered into the trial between 2 weeks and 6 months after the index stroke. Data collected at baseline include demographic information, medical history, specifically focusing on vascular risk factors, and functional status. For purposes of the analyses, the presence of any of the following was included in the composite variable of vascular risk factors: hypertension, diabetes, coronary artery disease, and hyperlipidemia. Patients are classified as normotensive (blood pressure ! 130/80 mm Hg) or hypertensive, based on measured blood pressure at entry to trial, adjusted for the current number of antihypertensive medications. Patients are classified as diabetic, based on self-report or if prescribed antiglycemic medications within the initial 3 months of study entry. All currently prescribed medications including antidepressant medications are recorded at baseline and are updated during regular quarterly visits. Information is recorded as yes/no to classifications of tricyclic antidepressants and selective serotonin reuptake inhibitors. Data on the indication for these medications are not available, but it was assumed that they were prescribed for their primary indication of depression.
Depression is assessed with the Patient Health Questionnaire (PHQ)-9 [23] , a 9-item scale that assesses the 9 Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) depression criteria, at baseline and at each annual clinic visit. The patients rate each item for frequency of occurrence during the previous 2 weeks (0 -'not at all', 1 -'several days', 2 -'more than half the days', 3 -'nearly every day'). Current depression is defined when at least 2 of the 9 symptoms, including the anhedonia or depressed mood item, are endorsed as occurring more than half of the days [23] . In a study with stroke survivors [24] , the PHQ-9 scores discriminated well between subjects with any versus no depressive disorder, with an area under the curve of 0.96. The PHQ-9 is an appropriate tool to measure depression in an international trial as it has been validated in both French and Spanish and has been found to be an effective measure for detecting depression in di-verse populations [25] , including primary care patients in Latin America [26] .
The Cognitive Abilities Screening Instrument (CASI) [27] is a screening measure for dementia with scores ranging from 0 to 100, with 100 indicating good cognitive function [27, 28] . We used the baseline CASI score to examine the association between cognitive function and depression.
Functional status is evaluated using the Barthel Index [29] , a checklist of basic activities of living ranging from 0 (completely dependent) to 100 (completely independent). Handicap is rated using the modified Rankin Scale ranging from 0 (no symptoms) to 5 (severe disability) [30, 31] . The Barthel Index and the Rankin Scale are both collected at baseline.
All patients undergo MRI prior to entry to the trial. The side and the location of the stroke as well as single versus multiple lacunes were examined for their relationship with depression.
Data Analysis
Patient characteristics at baseline overall and stratified by depression status were assessed as mean (standard deviation) or counts (%), as appropriate. Logistic regression was used to assess the relationship between PSD and time since the qualifying stroke, stroke severity, gender, age, educational level, ethnicity, marital status, living arrangements, previous history of subcortical stroke, vascular risk factors, anti-hypertensive medications, diabetes, location of the strokes, and baseline cognitive functioning. Given the correlation between several of the variables, the univariate relationships were examined to determine which variables to include in the multivariable model. Only those variables that were significant in the univariate model at the 0.10 level were included in the multivariable models. Because of the variability in time of the baseline assessment among participants, all models were adjusted for time between the index stroke and the baseline assessment.
To examine the course of depression over time, analyses were restricted only to those who have a baseline depression score. Analyses proceeded by first examining the frequency of depression at each of the time points. Then, generalized estimating equations were used to examine the likelihood of depression over time, while accounting for the multiple measurements within each subject. Models accounted for factors that were associated with depression at baseline: time, age at qualifying stroke, time between qualifying stroke and the baseline depression scale, diabetes, gender, race (white vs. non-white), and Rankin Scale score (0-1 compared to 1 1). Time was examined to determine whether a linear effect was appropriate. Based on trends observed in the data, a compound symmetric covariance structure was utilized, allowing the correlation between measurements to vary as a function of the time between the measurements. Interactions were examined between time and diabetes, and between time and the Rankin Scale category, in order to assess whether the trends over time differed as a function of either diabetes or Rankin Scale category.
Results
The majority had made a good functional recovery at study entry with a median modified Rankin score of 1. At the time of the initial assessment for depression (approximately 4 months after index lacunar stroke), 478 (19%) of the 2,477 participants were classified as depressed. As can be seen in table 1 , those who were depressed were younger, more likely to be female, and less likely to be white. Depressed participants were more likely to be living with a spouse or family than alone. Those classified as depressed at baseline also scored significantly lower on the baseline assessment of cognition. Of those classified as depressed, 46% were moderately disabled (Rankin score of 2-3) compared to 30% who were not depressed. There was a significantly higher percentage of diabetes and a higher number, on average, of cerebrovascular risk factors in the group who was depressed. There were no differences between the groups in location of stroke, side of stroke, or number of small subcortical infarcts.
At baseline, 351 patients (14%) reported that they were currently taking antidepressant medications, either tricyclic antidepressants or selective serotonin reuptake inhibitors and over half reported continuation of these medications at all annual follow-up visits. Of those treated with antidepressants at baseline, 34% (118 of 351) were classified as depressed. Of those classified as depressed, 25% reported taking an antidepressant while 12% of participants who were classified as 'not depressed' reported taking an antidepressant (data not shown). Table 2 shows the results from the unadjusted and the adjusted baseline logistic regression models. Age, gender, living with a spouse or family, functional disability, baseline cognitive status, and vascular risk factors for stroke each showed independent, significant associations with depression in the fully adjusted model. For each 1-year increase in age, the odds of depression decreased by approximately 0.97 times (95% CI 0.96-0.99). Male stroke survivors were about 40% less likely to be classified as depressed compared to female stroke survivors (OR 0.62; 95% CI 0.48-0.80). Those living with a spouse or family were 1.6 times (95% CI 1.1-2.3) more likely to exhibit depressive symptoms as compared to those not living with family. Additionally, those with a Rankin score of 2-3 were 1.8 times (95% CI 1.3-2.4) more likely to exhibit depressive symptoms, as compared to those with a Rankin score of 0-1. Similarly, depression was associated with activities of daily living as measured by the Barthel Index. For each point increase in the Barthel Index, the odds of depression decreased by 0.99 (95% CI 0.98-1.0). Depression was also associated with baseline cognitive function, with those scoring higher on the CASI less likely to be depressed (OR 0.99; 95% CI 0.98-1.0). Finally, with each 1 Only includes covariates significant in the univariate model at the 0.10 level; adjusted for time between qualifying stroke and 3-month follow-up. 2 Adjusted for number of antihypertensive medications taken at baseline. increase in number of vascular risk factors, the odds of depression increased by 1.2 (95% CI 1.0-1.3).
Correlates of Depression at Baseline
Longitudinal Course of Depression
Analyses were performed on 2,477 patients. Patients were included even if they were missing an intermediate visit, as long as the baseline observation was present. There were 2,477 observations at baseline, 1,934 observations at year 1, 1,468 observations at year 2, 1,117 observations at year 3, and 714 observations at year 4. There was a decrease in the prevalence of depression over the 4 years following stroke with a prevalence of 19% at baseline, 17% at year 1, 16% at years 2 and 3, and 13% at year 4. While there were various patterns in the trajectory of depression for this cohort, 31% of the cohort reported depression at least once during the follow-up. There was a small number (n = 28, 1%) who remained depressed over the course of the follow-up period. This group had a significantly lower baseline CASI score, a more severe stroke (Rankin score 2-3), a higher number of stroke risk factors, were prescribed a higher number of antihypertensive medications at baseline and were more likely to be taking antidepressant medication at baseline. However, among those who were classified as depressed at all follow-ups, only 19% reported being on anti-depressant medications at all annual visits, and almost 50% reported not being on anti-depressant medications at any of their annual visits.
In generalized estimating equation modeling, the interactions between time and diabetes and between time and the Rankin score were nonsignificant (p = 0.25 and 0.83, respectively), and thus, were excluded from further modeling. After adjustment for age at qualifying stroke, time between the qualifying stroke and the baseline follow-up, diabetes, sex and race, the likelihood of depression decreases by 1.12 times (95% CI 1.06-1.17) for each 1-year increase in time.
Discussion
This study is unique in its examination of the correlates and the course of depression in a cohort of those with lacunar stroke. A key question concerns the similarities and differences in PSD in those with lacunar stroke compared to other stroke subtypes. Although location and side of lesion have been studied frequently [32, 33] , the examination of stroke subtype in PSD has been limited. The Depression after Stroke (DESTRO) study evaluated stroke subtype as a risk factor for PSD [34] . Categorizing strokes according to the Oxfordshire Community Stroke Project classification [35] , they reported a similar incidence of PSD for each of the ischemic subtypes (approximately 33%) except for total anterior circulation infarcts which showed a significantly higher incidence (47.9%). In contrast, two recent studies which examined stroke subtype and PSD did not find significant differences by stroke subtype [36, 37] .
The prevalence of depression in the SPS3 cohort was 19% at baseline (approximately 4 months after stroke), much lower than the 33% pooled estimate of depression reported by Hackett et al. [1] . There may be several reasons for this difference, unrelated to stroke subtype. First, there is significant variation across studies in the reported prevalence of depression (14-41%) depending on the method or measure to assess depression [1] . Second, the SPS3 cohort was comprised of mostly mild stroke, related to exclusion of those with severe deficits by SPS3 protocol and the favorable outcome for the majority of participants (median Rankin score of 1). Several recent studies with cohorts similar to SPS3 in terms of functional recovery have reported estimates of depression prevalence at 2-3 months after stroke comparable to that reported in SPS3 [36, 38] . In a cohort of 127 patients with small subcortical infarcts, Chen et al. [21] reported a prevalence of 25% for those with small subcortical stroke with an etiology presumed to be small vessel disease [21] . The authors of the DESTRO study suggested that the higher incidence of depression found in patients with total anterior circulation infarct may be related to the size of the lesion and also the severe disability, both characteristic of this stroke subtype [34] . In the same vein, the lower prevalence found in SPS3 may be related to the smaller lesion size ( ^ 2.0 cm) and the short-term favorable outcomes compared to other stroke subtypes [39] , although not possible to conclude with certainty in the absence of a control group.
A strength of this study is the 4-year assessment of depression in a large number of people, with results showing that the prevalence of depression decreased by only about 10% for each subsequent year after stroke. While only a small percentage of patients reported depression at each follow-up, overall, one third of the cohort reported depression at least once during follow-up, highlighting its significance after stroke. The prevalence of hypertension and diabetes are high in this cohort and we observed an association between an increasing number of vascular risk factors and PSD at approximately 4 months after stroke. The predictors of late-onset depression may relate to the ongoing cerebral small vessel disease process despite the SPS3 intervention therapy. In a case-control study of mood after stroke, the results indicated that vascular factors were also important in late-onset PSD, measured at approximately 9 months after stroke [40] . Although conditions such as hypertension and diabetes have been associated with depression in the general population [41, 42] , little attention has been given to their role in PSD. This warrants further study.
That patients who reported living with a spouse/family were 1.6 times more likely to be classified as depressed compared to those living alone/in an assisted living facility seems counterintuitive, as generally, family support is found to be protective against adverse outcomes such as depression [43] . Family expectations regarding recovery and the patient's return to previous roles can influence the stroke survivor's emotional state when the stroke survivor feels unable to return to previous roles, despite seemingly normal physical ability [44, 45] . It may be this mismatch between family and stroke survivor expectations that is contributing to this association. This may also be a spurious finding as living in the same household may not necessarily be perceived as supportive but rather the quality of the relationship.
A potential limitation of this study is the inherent differences between participants in a clinical trial and the general population of stroke survivors. The fact that these individuals have agreed to participate in a clinical trial may suggest different emotional and behavioral characteristics which may impact the generalizability of our results concerning depression. However, our prevalence estimates were similar to those previously reported for mild stroke [36] as well as for the identified correlates of PSD, suggesting that these results may be generalizable to those with lacunar stroke beyond a clinical trial. Another limitation is the lack of information on the history of depression prior to the stroke. Without this information we are unable to adjust for this potential confounding variable in the multivariable models.
The World Health Organization now recognizes depression as one of the most burdensome diseases worldwide [46] . One fifth of those with lacunar stroke reported symptoms consistent with depression in the first year following stroke, which is about 50% higher than the prevalence of symptoms of major or minor depression reported in several population-based surveys [11, 47, 48] . The available data suggest that PSD remains frequently undertreated [49, 50] . Only 25% of depressed individuals in the present study were taking antidepressants, similar to the findings from studies conducted in Sweden [51] and Australia [13] . It is critical that all stroke survivors are screened early for depression and are provided with appropriate treatment and follow-up to ensure adequacy of the treatment. The follow-up is particularly warranted given the little average change in depression frequency observed in this cohort over time.
